Childhood tuberculosis (TB) has a high incidence and prevalence in developing countries like India with tubercular meningitis (TBM) being the most common cause of death. Most cases of TBM are diagnosed late when despite adequate therapy; morbidity and mortality continue to remain high. This review aims to provide a pragmatic approach at dealing with cases of tubercular meningitis in children including clinical features, laboratory and radiological criteria, treatment options and prognostic implications. The objective of this review is to assist in early identification, proper investigation and timely treatment of TBM in children in order to reduce neurological morbidity and mortality associated with it.
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C hildhood tuberculosis (TB) constitutes approximately 10%-20% of all TB cases in India, causing almost 8%-20% of TB-related deaths. Twenty-five percent of the pediatric tubercular cases are extrapulmonary, with tubercular meningitis (TBM) being the most common cause of death because of TB. [1] It commonly affects children between 6 months and 4 years of age. TBM is a medical emergency. The delay in diagnosing and adequately treating this condition is associated with significant morbidity and mortality.
Q: when to suspect tBM?
TBM is a subacute meningitic illness, which presents in various stages. The first stage consists of nonspecific symptoms of low-grade fever, headache, irritability, drowsiness, malaise, vomiting, photophobia, listlessness, and poor weight gain/weight loss. In infants, stagnation/loss of developmental milestones, bulging anterior fontanel, fever, cough, altered consciousness, and seizures may be present. Neck stiffness is characteristically absent. This lasts for approximately 1-2 weeks. The presence of nonspecific signs and symptoms makes it difficult to suspect and diagnose TBM in the first stage. A history of contact with an active patient of TB in children (~50% cases) can also be elicited. [1] The second stage is usually abrupt in onset. It is characterized by lethargy, neck rigidity, positive meningeal signs, hypertonia, seizures, vomiting, and focal neurological deficit(s). Development of hydrocephalus, raised intracranial pressure, encephalitis with disorientation/movement disorders/speech impairment, cranial nerve involvement (30%-50% cases) with the sixth nerve being the most common, and vision loss are also seen. Most patients are clinically diagnosed in this stage. This is followed by the third stage, which might be associated with decerebrate/decorticate posturing, hemiplegia, coma, and eventually death.
Q: how to diagnose tBM?
In the absence of standardized diagnostic criteria, in 2010, a consensus case definition for TBM was proposed for use in future clinical research. These criteria are applicable irrespective of the patients' age, human immunodeficiency virus (HIV) infection status, or resources available in the research setting. Patients are stratified as definite, probable, and possible diagnosis of TBM as per these criteria. [2] These are detailed as follows:
Clinical criteria
These include symptom duration >5 days (score: 4), systemic symptoms suggestive of TB (>1 of the following): weight loss/poor weight gain, night sweats, cough >2weeks (score: 2), history of recent (past 1 year) close contact with pulmonary TB or positive tuberculin sensitivity test or interferon (IFN) gamma release assays, only in children <10 years (score 2), focal neurological deficit (excluding cranial nerve palsies) (score: 1), cranial nerve palsy (score: 1), and altered consciousness (score: 1). The maximum category score is 6.
Cerebrospinal fluid criteria
These include clear appearance (score: 1), cells 10-500/ µL (score: 1), lymphocytic predominance >50% (score: 1), protein concentration >1 g/L (score: 1), cerebrospinal fluid (CSF) to plasma glucose ratio <50% or absolute CSF glucose <2.2 mmol/L (score: 1). The maximum category score is 4.
Cerebral imaging criteria
These include hydrocephalus (score: 1), basal meningeal enhancement (score: 2), tuberculoma (score: 2), infarct (score: 1), and pre-contrast: basal hyperdensity (score: 2). The maximum category score is 6.
Evidence of tuberculosis elsewhere
This includes chest radiograph suggestive of signs of active TB = 2, miliary TB = 4 (score: 2/4), computed tomography (CT)/magnetic resonance imaging (MRI)/ ultrasound evidence for TB outside the central nervous system (CNS) (score: 2), acid-fast bacilli identified or Mycobacterium tuberculosis cultured from another source (i.e., sputum, lymph node, gastric washing, urine, and blood culture) (score: 4), and positive commercial M. tuberculosis nucleic acid amplification technique (NAAT) from extra neural specimen (score: 4). The maximum category score is 4. This consensus case definition provides a uniform approach to TBM with the available resources, to ensure a diagnostic certainty of the highest possible standard and to standardize definitions and establish uniformity for direct comparison in future studies. [3] Q: what is the significance of csf analysis in tBM?
A classic case of TBM usually presents with a CSF of 10-500 cells/µL that are polymorphs initially and lymphocytes later. A low glucose <40 mg/dL (rarely <20 mg/dL) or a CSF/plasma glucose ratio <50% or a high-protein content (400-5000 mg/dL) is suggestive of the diagnosis of TBM. The CSF lactate levels are usually raised to 5-10 mmol/L (normal range, 1.2-2.1 mmol/L). [4] Ziehl-Neelsen (ZN) staining for the smear examination has a sensitivity of approximately 50%, whereas a bacterial culture of 60%-70%. [5] The aforementioned CSF findings are not specific for TBM and can be seen in other conditions including non-mycobacterial tuberculosis (MTB) bacterial meningitis, fungal meningitis, carcinomatous meningitis, and subarachnoid hemorrhage. For all patients with suspected TBM, CSF samples should be examined by ZN staining for acid-fast bacilli, Gram staining for bacteria, India ink preparations for fungi, and antigen testing for Cryptococcus neoformans as other causes may be present with a similar CSF picture or because of the presence of a dual infection. The yield of the CSF examination can be increased by some simple measures such as taking at least 10 mL CSF sample, carrying out repeated sample examination, and performing a lumbar puncture before or shortly after starting the treatment. Also, it needs to be centrifuged at a high centrifugal force for 20 min followed by a careful examination for at least 20 min.
In a recent study conducted, the best performing biochemical parameter for "ruling in" TBM was adenosine deaminase (ADA), with a specificity of 95% at a cutoff point of >6U/L; however, the sensitivity of ADA was low (55%). [6] The mean CSF ADA activity in patients with TBM was significantly higher than patients of non-TBM group with P < 0.01. A cutoff value of 10 U/L for patients with TBM gave a sensitivity and specificity of 90.62% and 95.65%, respectively; thus proving that CSF ADA activity is a rapid and affordable adjunct in differentiating TBM from non-TBM. [7] CSF ADA measurements have been found to be useful in predicting poor neurological outcomes among pediatric TBM cases. [8] A recent diagnostic advance is Xpert MTB/ rifampicin (RIF), an automated rapid nucleic acid amplification test for MTB endorsed by the World Health Organization (WHO) in December 2010. It employs three specific primers and five unique molecular probes to detect MTB and RIF resistance simultaneously in almost less than 2 h. However, the role of Xpert MTB/RIF in diagnosing TBM remains limited. This is because even though a positive result confirms the diagnosis of TBM but a negative result cannot be used to "rule out" TBM.
These molecular methods are more useful when anti tuberculosis drugs have already been started. [9] The routinely measured CSF parameters are almost similar in HIV positive and negative patients with TBM. [10] A few studies report lower CSF leukocyte count and protein level in HIV-positive patients. CSF examination may even be normal in 5% of HIV-positive patients with TBM.
Q: what are other diagnostic tests in tBM?
These include the ancillary tests that help us to reach to the diagnosis of TBM.
Tuberculin skin test (Mantoux test): It may be
nonreactive in 50% cases of CNS TB. Hence, it is helpful in supporting the diagnosis of TBM when positive, but an isolated positive Mantoux cannot be used to label a case of TBM as false positive/false negative reactions are commonly known. [11, 12] 2. Chest X-ray: It helps to localize the signs of active TB but it may be normal in 20%-50% of the cases of TBM. 3. Measurement of IFN-γ released by lymphocytes: It is a specific (70%-90%) test but with a low sensitivity (50%-70%). It is available as enzyme-linked immunospot (ELISpot) and QuantiFERON Gold for the diagnosis of latent TB. But currently, the use of these tests is restricted in the developing countries because of the high cost. 4. Xpert MTB/RIF assay [13] : With a sensitivity of 67%-85% and a specificity of 94%-98%, it is a definitive diagnostic test that uses real-time polymerase chain reaction to amplify and detect M. tuberculosis and identifies drug resistance. A meta-analysis of studies reported up to October 2011 estimated that Xpert MTB/RIF was 80.4% sensitive compared with culture. A study of Xpert MTB/RIF in India for the diagnosis of extrapulmonary TB included 142 CSF samples and reported that the assay was nearly 12 times more sensitive than microscopy. The cost of processing one Xpert MTB/RIF test, however, was 82 times higher than the cost of microscopy. Larger studies to assess Xpert MTB/RIF for the diagnosis of TBM are urgently needed. It may be used as an adjunctive test for TBM.
Q: which is the preferred neuroiMaging in tBM: ct versus Mri?
In the various studies conducted over a period, it has been proved that MRI has a higher sensitivity than a CT scan. A CT scan may itself be normal initially in almost 30% of the cases. Hence, a normal neuroimaging initially does not rule out the possibility of TBM. The usual findings on neuroimaging seen in TBM are depicted in [ Figure 1 ] and enumerated in [ Table 1 ]. [14] [15] [16] Other findings on contrast-enhanced MRI include early infarcts, border zone encephalitis, and cranial neuropathies (optochiasmatic arachnoiditis) with raised lipid peaks on magnetic resonance spectroscopy.
Q: which steroid to use in tBM: dexaMethasone versus prednisolone?
Prednisolone 4 mg/kg/day for almost 4 weeks initially, gradually tapering over the next 2-3 weeks, and dexamethasone 1-6 mg/kg/day initially and then reducing each week to stop over a total of 6-8 weeks have traditionally been used. No data exist to compare the relative efficacy of dexamethasone with prednisolone, but they are widely regarded as equivalent for the treatment of TBM. Either of them can be used based on the choice of ease of administration and availability. Q: what is preferred anti tuBercular drugs (att) regiMe: daily att or directly oBserved treatMent, short course?
As per the recent Revised National TB Control Program (RNTCP) guidelines, 2016, [17] a daily regimen with fixed-dose combination of the first-line antitubercular drugs has been proposed. For the newly diagnosed TB cases, treatment in the intensive phase will consist of 8 weeks of isoniazid, RIF, pyrazinamide, and ethambutol in daily dosages as per the four weight band categories. There will be no need for extension of the intensive phase. Only pyrazinamide will be stopped in the continuation phase, whereas the rest will be continued as daily dosages.
Q: how long should one give antituBercular therapy in tBM?
The duration of treatment has always remained controversial. According to the American Thoracic Society/Center for Disease Control and Prevention (CDC)/Infectious Diseases Society of America (2003) recommendations, a 9-12 month regimen is recommended. The British Infection Society (2009) recommendations suggest a minimum of 12 months, whereas the WHO (2010) recommendations warrant 9-12 months of treatment to decrease the risk of disability and mortality. The following are the doses to be prescribed in a case of TBM [18] :
• A clinical follow-up 18 must be carried out at least monthly. Improvement of symptoms, weight gain, and monitoring for any adverse reaction to the ATT must be carried out.
Laboratory investigation
For associated pulmonary tubercular cases, a sputum smear examination at the end of the intensive phase and at the end of the treatment must be carried out. However, in case of any clinical deterioration, it can be carried out anytime even during the continuation phase.
A chest X-ray should be offered whenever required and available. Liver function tests should be obtained at baseline, 2, 4, 6, and 8 weeks and then monthly for the first several months of treatment. HIV testing in all cases of TB must be conducted.
Long-term follow-up
A long-term follow-up at the end of 6, 12, 18, and 24 months is advised.
While on ATT, the child should be monitored for side effects as detailed in Table 2 .
Q: what is rntcp guidelines update (indian governMent)?
The salient features of RNTCP guidelines and its updated version have been compared in Table 3 . 
Q: what are freQuently encountered coMplications during treatMent?
Because of the presence of nonspecific signs and symptoms initially, lack of certain diagnostic criteria, and low sensitivity of the various tests, most cases of TBM are picked up very late. As a result, they have been associated with an increased risk of the following complications.
Immediate
• Electrolyte disturbances: Hyponatremia is the most common (35%-65% cases). This can be due to cerebral salt wasting/syndrome of inappropriate secretion of anti-diuretic hormone (ADH)/ increased renal sensitivity to ADH. • Seizures: Almost 50% of children present with seizures. They may be focal or generalized tonic-clonic depending on the underlying CNS involvement. Phenytoin remains the most common antiepileptic drug of choice. Others including valproate should be avoided due to increased risk of hepatotoxicity. Other antiepileptic drugs may affect the metabolism of ATT drugs as well.
• Raised intracranial tension: Should be closely monitored for the same, with anti-raised intracranial pressure measures.
• Vasculitis: May develop due to cerebral vasospasm or inflammation of meninges or obliterative vasculopathy. The distal internal carotid artery, proximal middle cerebral artery, and its perforating branches remain the most common sites involved.
Corticosteroids because of their anti-inflammatory role have been used widely. But recent studies suggested that corticosteroids do not significantly affect the number of new infarcts or the extent of residual hemiplegia in children or adults. Only aspirin might reduce the incidence of stroke, but this effect still needs to be confirmed in larger studies. [19, 20] Short term
• Hydrocephalus: Almost 80% of cases of TBM present with hydrocephalus, communicating being more common than the noncommunicating type. Most cases can be managed medically using acetazolamide and furosemide. But a failed medical treatment warrants surgery and ventriculoperitoneal (VP) shunting. As hydrocephalus can be present in a case of pyogenic meningitis as well, the possibility of that must also be considered [21] Q: what are the prognostic MarKers in tBM?
The clinical stage and age at which treatment is initiated is the most important determinant for survival and sequelae. Young age, malnutrition, hydrocephalus, presence of focal neurological deficits, miliary disease, underlying debilitating disease, or HIV infection are associated with poor prognosis. Almost 10%-85% of all cases develop sequelae to the maximum in stage 3.
Q: What are Paradoxical reactions in Patients on att?
Recurrence or appearance of fresh symptoms, physical, and radiological signs (unusual expansion or formation of a new tuberculous lesion) in a patient who had previously shown improvement with appropriate ATT is called as paradoxical reaction. More commonly seen in people coinfected with HIV, it can also affect 2%-15% of HIVnegative population. It has been reported as early as 2 weeks and as late as 18 months after the initiation of ATT.
Pathophysiology
Killing of bacilli by ATT leads to the release of a large amount of tuberculoprotein and cell wall products, which create a hypersensitivity reaction and recruit lymphocytes and macrophages at the site of the previously inactive tuberculous foci. As a result, foci enlarge and become evident.
Clinical presentation
It presents with development of fresh intracranial tuberculoma(s), progression of the previous lesion, increase in size of lymph nodes, or development of new lymphadenopathy.
With the lack of any clear-cut guidelines, it becomes difficult to differentiate a paradoxical reaction/ relapse of the disease/secondary resistance/incorrect primary diagnosis. Hence, this remains a diagnosis of exclusion. The treatment is to continue ATT. Some studies have shown benefit with addition of steroids, increasing the dose of ATT, or addition of ofloxacin to the ongoing treatment. However, no such guidelines have been proposed. This condition is commonly misdiagnosed and hence needs more research for better management.
Q: What are different surgical interventions in tBM?

VP shunt
Hydrocephalus is one of the most common complications associated with TBM. A total of 80% cases can be resolved with medical management only. The complications of [22] [23] [24] shunt surgery are higher in patients with TBM than in patients with other conditions. The reasons for this are the poor general condition of the patient, presence of higher protein content, and increased cellular content in the CSF leading to more frequent shunt obstruction.
A shunt should be promptly offered in case of failure of medical management, noncommunicating hydrocephalus, or neurological deterioration as prolonging medical therapy may lead to irreversible brain damage. Placement of a ventricular drain or VP or ventriculoatrial shunt will help improve the outcome in such patients, particularly in patients presenting with minimal neurological deficit. [22] 
Endoscopic third ventriculostomy
It offers an added advantage over VP shunting because of the following:
1. Avoidance of a foreign body implantation 2. Establishment of a "physiological" CSF circulation Both of these are particularly important in infants because of the relative high rate of some intraoperative (i.e., abdominal) and late (secondary craniosynostosis, slit-ventricle syndrome) shunt complications. But the main factor against endoscopic third ventriculostomy (ETV) is the relatively high risk of immediate mortality and neurological complications because of the more relevant effect of parenchymal and vascular damage in this age group. Infections are possible in both, but the incidence of infective complications is significantly lower in case of ETV (1%-5% vs. 1%-20%). [23, 24] Hence, both the immediate mortality and neurological damage risk of ETV procedures should be weighed against the long-term mortality and the late neurological damage, which are not infrequently described as a consequence of shunt malfunction and proximal shunt revision procedures [ Figure 2 
Q: What is neW tB vaccine?
The preferred characteristics of new TB vaccine include an efficacy equal to or greater than 80% or a superior efficacy as compared to bacillus calmette gurein in preventing TB disease, including severe, disseminated TB, TB meningitis, and pulmonary TB in infants and young children. Ten or more years of protection should be conferred after primary immunization while offering an improved safety profile, especially in HIV-infected population. Currently the vaccines in Phase IIb trial include MVA85A (viral vectored) and M72/AS01E (protein/adjuvant) and in Phase III include M. vaccae (mycobacterial whole cell or extract) for prime, booster, and postinfectious doses.
Q: hoW is tBM and hiv coinfection treated?
TB is the most common opportunistic infection in persons infected with HIV, and HIV infection is an independent risk factor for extrapulmonary TB including meningitis. [25] HIV causes an increased risk of activation of latent infection and rapid progression of primary infection without an intervening period of latency.
Without HIV infection, individuals with latent infection have a lifetime risk of 10%-20% of developing TB as compared to the individuals infected with HIV having a 10% annual risk of progression to active infection. [26] Treatment includes free drug therapy HRZE for 2 months, HRE for the remaining 7 months. The CDC guidelines recommend a treatment for 9-12 months for TBM. Journal of Pediatric Neurosciences ¦ Volume 13 ¦ Issue 4 ¦ October-December 2018
Choice of rifamycin versus rifampin
Rifampin has significant interactions with antiretroviral agents because of its inductive effects on drug metabolism through cytochrome P450 (CYP) 3A, which leads to severely reduced concentrations of antiretroviral drugs. Hence, when rifampin-based antituberculous therapy is used in resource-limited settings, the CDC recommends the use of efavirenz-based antiretroviral therapy (ART).
Rifabutin is a rifamycin with significantly less induction of P450 enzymes. [27] More clinical research is needed to determine the optimal dosing of antituberculous therapy and ART for a patient with TB and HIV coinfection.
Risk of acquired resistance
Risk of developing resistance on antituberculous therapy is proportional to the bacillary burden, with cavitary pulmonary disease carrying the highest risk. A twice-weekly rifamycin-dosing schedule during the continuation phase has been linked to acquired rifamycin resistance, both with the use of rifampin and rifabutin, and patients with advanced HIV infection (CD4 count <100) are at greatest risk. Rifapentine, a once-weekly rifamycin, is contraindicated for the treatment of TB in the patient infected with HIV because of the risk of relapse with rifamycin mono-resistance.
Timing of ART
In view of the known drug interactions, simultaneous initiation of ATT and ART leads to overlapping drug toxicities. Initiation of ATT in the absence of ART may also be associated with a transient worsening of the signs and symptoms of infection, which is known as the paradoxical reaction. The paradoxical reaction during the treatment of TBM may be exacerbated by immune restoration with ART. However, the delayed initiation of ART carries an increased risk of additional opportunistic infections. Given these competing risks, the optimal timing of initiation of ART in relation to antituberculous therapy has not been established. Until better evidence is available, the CDC recommends individualizing this treatment decision with the possibility of a 4-8 weeks of ATT before initiation of ART. [28] The SAPIT trial [29] (Starting Antiretroviral Therapy in Tuberculosis) compared the timing of ART relative to antituberculous therapy. Subjects were randomized to one of the three arms: initiation of ART simultaneous with antituberculous therapy, initiation of ART following the intensive phase of antituberculous therapy, or initiation of ART at the completion of antituberculous therapy. The first two arms were considered integrated treatment and the third was considered sequential treatment. Enrollment in the sequential arm of the trial was halted after a hazard ratio of death in the integrated arms was observed to be 0.44 compared with the sequential arm. This mortality difference was observed despite similar TB outcomes. The trial to compare the two arms of integrated treatment is ongoing. Given these findings, earlier initiation of ART may be the trend in the future.
Response to steroids
Corticosteroid could reduce mortality caused by TBM in the short term in children and adults who are HIV negative, but its effect in person who is HIV positive is uncertain and not well studied. [30] No trial has been performed to compare the efficacy of different corticosteroid regimens. Therefore, the choice depends on the regimen used in different trials. Dexamethasone/ prednisolone both have been used with good efficacy. [31] Financial support and sponsorship Nil.
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